The nucleotide sequences of cDNA clones corresponding to 2569 nucleotides from the 3' end of cymbidium ringspot tombusvirus (CyRSV) RNA were determined. This region contains three open reading frames giving rise to three predicted protein products, two of which had been identified in previous studies, The 3' non-coding region is 351 nucleotides long. The amino acid sequence of CyRSV coat protein has striking similarities with that of tomato bushy stunt tombusvirus, particularly in the S domain. No homology was found between the protein encoded by the second largest open reading frame and the corresponding product of other plant viruses.
(Pharmacia) equilibrated with 50 mM-Tris-HC1 pH 8.0, 5 mM-EDTA and 1 M-NaCI (GomezMarquez et al., 1987) . Fractions containing mostly supercoiled plasmids (as judged by electrophoresis in an agarose gel) were pooled and precipitated twice with ethanol. The dideoxynucleoside triphosphate chain termination method (Sanger et al., 1977) was used throughout with direct or reverse synthetic oligodeoxynucleotide sequencing primers (Boehringer Mannheim and United States Biochemical Corporation; USB), the DNA polymerase I Klenow fragment (Boehringer Mannheim) or the T7 DNA polymerase (Sequenase, USB) enzyme. Double-stranded DNA was denatured with NaOH (Chen& Seeburg, 1985) . For sequencing dsDNA with Sequenase a few modifications were added to the protocol suggested by the supplier, which were essential for reproducible results. Annealing was carried out for 20 min at 37 °C, the labelling reaction was done at 15 °C and the time for the termination reaction was extended to 10 min. The extreme 3' region (approx. 50 nucleotides) of the CyRSV genome was sequenced directly as RNA. Genomic RNA was extracted as described (Russo et al., 1988) , labelled at the 3' end using [5'-32p]pCp (3000 Ci/mmol, Amersham) (England & Uhlenbeck, 1978) , gel-purified and sequenced using the partial enzymic cleavage method of Donis-Keller et al. (1977) . The Y-terminal nucleotide was identified after exhaustive digestion with ribonuclease T2 (BRL) and separation of nucleotides was achieved by polyethylenimine thin-layer chromatography (Wurst et al., 1978) . Sequence data were analysed with DNA Strider (Marck, 1988) and LGBC (Bellon, 1988) programs run on a Macintosh Plus computer.
The sequence of the Y-terminal nucleotides of CyRSV RNA and the deduced amino acid sequences are shown in Fig. 1 . Three translational open reading frames (ORFs 1, 2 and 3) are identified. ORF 1 begins at AUG located at nucleotide position 464 (2105 from the 3' end) and extends to a UAG termination codon in position 1604 (965 from the 3' terminus). This potentially codes for a predicted protein 379 amino acids in length with an Mr of 40554. The codon AUG at position 464 is an optimal context for the initiation of translation, whereas sequences surrounding AUG at position 470 are unfavourable (Kozak, 1984) . ORF 2 is in a different frame; it starts at AUG in position 1648 and terminates at an amber codon in position 2215 (921 and 354 nucleotides from the 3' end, respectively). ORF 2 encodes a polypeptide of Mr 21295. ORF 3 is entirely contained in ORF 2, beginning at AUG in position 1680 and ending at UAG 2196; the predicted product is a protein of Mr 19 373. ORFs are followed by a non-coding region of 351 nucleotides. No significant ORFs (i.e. more than 200 nucleotides) were found on the negative strand.
The results of sequence analysis confirm that the coat protein gene of CyRSV is not located at the 3' end of the genomic RNA (Burgyan et al., 1986; Russo et al., 1988) . AlthOugh the Mr of the protein encoded by ORF 1 is less than that estimated by PAGE (Burgyan et al., 1986) , it is likely that it is the capsid subunit. A dot plot analysis (Bellon, 1988) shows 40% amino acid homology with the published sequence of the coat protein of tobacco bushy stunt tombusvirus (TBSV) (Hopper et al., 1984) (Fig. 2) . The homology is higher (approx. 60 %) in a stretch of amino acids from about residue 100 to residue 245, which corresponds to the S domain region of the coat protein subunits as identified for TBSV by Hopper et al. (1984) . Smaller, scattered areas of homology are found in the R domain; there are virtually no areas of homology in the carboxyterminal P domain.
As CyRSV and TBSV are only very distantly related by serology (Koenig & Gibbs, 1986) it is not surprising that little similarity exists among the amino acid sequences of the P domain of the two viruses. This domain is the protruding, most exposed part of the protein shell of TBSV particles (Hopper et al., 1984) and may contain the antigenic determinants. The extensive similarity in the internal part of the polypeptide chain (S domain) is consistent with the idea that similar or identical forces must operate in the construction of the viruses' shells which in TBSV, is made up by the S domain of the coat protein subunits (Hopper et al., 1984) . As seen for the 
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343 HUTUPUPGi~MP~'U6TGFGHVTLQUTRFIK I THRRTLL Fig. 2 . Alignment of the amino acid sequences of the coat protein subunits of TBSV (top sequence) (Hopper et al., 1984) and CyRSV (bottom sequence). Homologies are indicated by full bars. Symbol X is in positions of undetermined amino acids; gaps (*) were introduced in three positions of the CyRSV coat protein sequence.
TBSV coat protein (Hopper et al., 1984) , there is an excess of positive charges in the N-terminal region of CyRSV (presumably the R domain plus an arm); in the first 100 amino acids there are 17 positive and two negative charges. The product of ORF 2 is a protein of Mr 21295. A protein of similar size (22K) is translated in vitro and in vivo from a subgenomic RNA of approx. 1 kb (Burgyan et al., 1986; Russo et al., 1988) . Since it is likely that the 22K protein and that encoded by ORF 2 are the same, this protein will be referred to as 22K. However, its function is unknown. No homology was found between the CyRSV 22K protein and non-structural proteins of other unrelated viruses, such as the tobamovirus 30K protein (Saito et aL, 1988) and the carnation mottle virus p7 protein (Carrington & Morris, 1986) .
The potential product of ORF 3 is a protein of Mr 19 373 (19K). A major protein product of this size has never been detected in previous experiments (Burgyan et al., 1986; Russo et al., 1988) . As found for ORF 2, the initiation codon of ORF 3 is bordered by a suboptimal sequence for translation. However when ORFs 2 and 3 were submitted to a test in which DNA sequences can be identified as coding or non-coding (TESTCODE; Fickett, 1982) , both ORFs proved to possess a high coding probability. It remains unexplained as to why ORF 3 is not expressed in vitro and in vivo (Burgyan et al., 1986) . 
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The 5' ends of the subgenomic RNAs were determined by primer extension experiments. Two primers (17-met; Promega Biotec) were used: oligonucleotide 1, complementary to nucleotides 496 to 512, and oligonucleotide 2 complementary to nucleotides 1687 to 1703 of virus RNA, which was extracted from infected tissue and fractionated as described (Russo et al., 1988) . Fractions containing either of the two subgenomic RNAs were used as templates. Extension of 5'-32p-labelled primers was carried out as described by Carrington & Morris (1986) . Sequencing ladders were prepared by extending the same primers on D N A templates from clones containing the putative start site of subgenomic RNAs in the presence of the appropriate dideoxynucleotide. As shown in Fig. 3 , transcripts synthesized from both primers terminate at guanosine, corresponding to the genome nucleotide positions 2118 and 936 from the 3' end for the larger and smaller subgenomic RNAs, respectively.
While this paper was being submitted, the sequence of the 3' region of petunia asteroid mosaic tombusvirus (PAMV, Hillman et aL, 1989) was published. The two sequences are very similar, particularly the contexts of the starting points for the two subgenomic species. The larger RNA is slightly longer in CyRSV, by 18 nucleotides in the non-translated leader sequence and by 24 nucleotides in the coding region. The region between the stop codon of the coat protein gene and the starting point of the second subgenomic RNA is four nucleotides shorter in CyRSV than in PAMV. As expected, CyRSV and PAMV coat proteins share many amino acids (about 60~o) in the S domain with much less homology seen elsewhere. The shorter subgenomic RNAs are identical in length in both viruses with equal numbers of nucleotides distributed among leader, coding and non-coding regions, i.e. 15,570 and 366, respectively. The amino acid homology with respect to the 22K protein is 84~; the nucleotide homology in the terminal non-coding region is 72 ~. In the latter region, there are two stretches which are different in the two sequences, the first 31 nucleotides and the last three, which are G G G in CyRSV RNA and CCC in PAMV RNA.
The present study provides experimental confirmation of a previous hypothesis regarding the position of the coat protein gene of CyRSV (Russo et al., 1988) . Our data match those obtained for PAMV (Hillman et al., 1989) . A similar 3' subterminal position was also found for the TBSV coat protein gene (Hayes et al., 1988) adding weight to the likelihood that the reported organization of the T-terminal region is typical for the tombusvirus group.
